Dinoflagellates constitute a large proportion of the planktonic biomass from marine to 33 freshwater environments. Some species produce a preservable organic-walled resting cyst 34 (dinocyst) during the sexual phase of their life cycle that is an important link between the 35 organisms, the environment in which their parent motile theca grew, and the sedimentary 36 record. Despite their abundance and widespread usage as proxy indicators for environmental 37 conditions, there is a lack of knowledge regarding the dinocyst wall chemical composition. It 38 is likely that numerous factors, including phylogeny and life strategy, determine the cyst wall 39 chemistry. However, the extent to which this composition varies based on inherent 40 (phylogenetic) or variable (ecological) factors has not been studied. 
Dinoflagellates are biflagellate, eukaryotic protists that comprise a large proportion of 66 9 cm -1 resolution were recorded in reflection mode over a spectral range of 4000-650 cm -1 . The 169 replicability of FTIR analysis using these two different devices was checked through the use 170 of a chitin standard (Sigma, Lot 59F7265). The spectra proved consistent and are displayed 171 after subtracting the background of air and the bare plates (NaCl [Nicolet] ; Au [Bruker] ), and 172 baseline correction. Assignments of the main IR absorptions to chemical bonds (Table 3) 
Evidence for carbohydrate-based dinosporins 177
For all species, the region between 3600-3000 cm -1 showed a strong and broad absorption 178 with a maximum near 3350 cm -1 (OH stretch) and, sometimes, a shoulder near 3270 cm There was also variability in the deformation pattern between 1200-850 cm -1 . This 238 region is comprised of four separate, defined absorptions in the cysts of P. wisconsinense, S. 239 pachydermus, and T. vancampoae that closely match the spectrum of the β-linked glucan, 240 cellulose ( Fig. 2) as well as the previously published spectrum for Lingulodinium 241 machaerophorum (Versteegh et al. 2012 ). In fact, the spectrum of S. pachydermus was so 242 remarkably similar to cellulose overall that each of the absorptions observed for S. 243 pachydermus can easily be assigned using the cellulose spectrum (Pandey 1999 
Explanation of compositional differences 291
Our results demonstrate considerable spectral and, thus, compositional diversity among the 292 dinocyst species that indicate dinosporin is a chemically heterogeneous compound. The most 293 fundamental distinction between the dinosporins is the inclusion of N-containing functional 294 groups in Group II and we now explore the reasons for this difference in composition. Each 295 of the dinocyst species in Group I is produced by phototophic dinoflagellates, while the 296 Group II dinocysts are produced by heterotrophic dinoflagellates ( Table 2 ). The heterotrophic 297 14 species studied here prey upon a variety of dinoflagellates and diatoms (e.g., Jacobson and 298 Therefore, the origin of the amide groups in Group II dinosporins may be from predation by 300 the dinoflagellates, which leads to an accumulation of N-rich compounds (i.e., proteinaceous 301 compounds) within the cell as a result of prey digestion. Many heterotrophic organisms, 302 whose growth is energy limited, produce cell coverings that contain both amino acids and 303 sugars like peptidoglycans (bacteria) and chitin (arthropods and fungi) because both types of 304 compounds are abundant in prey and therefore energetically favorable to use. On the other 305 hand, phototrophic organisms are not energy limited, but nutrient limited (i.e. nitrogen and 306 phosphorus). Therefore, it is not energetically favorable for them to utilize these limited 307 nutrients to build a metabolically inactive cell covering, but rather to incorporate the products 308 of photosynthesis (e.g., Thornton . Therefore, we propose that nutritional strategy rather than phylogeny is the primary 332 factor identified which determines cyst wall composition. However, related species tend to 333 have related life strategies so some covariance with species phylogeny is expected. This is 334 most evident in Group II where the spectra of the Polykrikos species are more similar in terms 335 of relative absorption intensities than to the other taxa investigated in this group (Fig. 3) . 336
We cannot exclude the possibility that some of the differences observed result from 337 taphonomic and environmental heterogeneity and/or preparative processes. Taphonomic Additionally, a comparison between extracted and hydrolyzed cultured Lingulodinium 370 machaerophorum cysts and extracted sediment-derived cysts showed remarkably similar 371 spectra (Versteegh et al. 2012 ), suggesting that hydrolysis was not necessary to render the 372 cysts chemically clean. The L. machaerophorum spectra are very consistent with the Group I 373 spectra (Fig. 2) . It may not be possible to fully discount effects of invisible material on/in cyst 374 walls insoluble in water and organic solvents on resulting spectra, particularly for species 375 with significant surface ornamentation such as O. centrocarpum, T. vancampoae, Spiniferites 376 pachydermus and the Polykrikos species, but the lack of evidence for an overprint indicates 377 this is unlikely; instead, it suggests that preparing cysts with solvent extraction has the 378 potential for wide applicability as even delicate cysts with lower resistance to harsh chemical 379 treatments will be able to be reliably analyzed. 380
The aforementioned observations indicating (1) little to no diagenetic effects, (2) 381 consistency between the same species analyzed from multiple locations as well as the 382 maintenance of the group-wise distinction between different species of freshly hatched cysts, 383 and (3) the similarity of the Group 1 spectra to spectra from hydrolyzed L. machaerophorum 384 cysts argue against any significant overprint from diagenesis, environment and sample 385 preparation. Figs. 2, 3) . So, the spectral variability within the two groups does not 395 exclude a phylogenetic component in dinosporin synthesis, only that it is obscured in this case 396 by the complex interplay between the dinoflagellate and its environment. Thus, it may be 397 more accurate to define dinosporin overall as a suite of chemically distinct but related 398 carbohydrate-based biomacromolecules. The most apparent distinction in a broad sense is the 399 inclusion of amide groups into some species' dinosporins, resulting from heterotrophy, and in 400 this sense dinosporin does not follow a strict delineation with phylogeny (Fig. 4) some inherent significant structural differences to straightforward carbohydrates, such as 416 having a more highly cross-linked backbone (Versteegh et al. 2012) , which explains the 417 generally high preservation potential of dinocysts. These structural differences are 418 unfortunately not resolvable in FTIR spectra. However, the L. machaerophorum cysts were 419 analyzed for structural information, which indicated a carbohydrate-based polymer 420 (Versteegh et al. 2012 ). Due to the strong similarities between L. machaerophorum and 421
Group I spectra (Fig. 2) , it is probable that the cyst macromolecule is comparable. Tables 1, 2 ). Absorption assignments are given in Table 3 . 903
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Figure 3: FTIR spectra of the Group II (heterotrophic) dinocysts and the chitin standard. The 905 gray line for cysts of P. schwartzii reflects spectral data from a second location (see Tables 1,  906 2). Absorption assignments are given in Table 3 . 
